A unified theory for the current through a mesoscopic region of interacting electrons connected to two leads which can be either ferromagnet or superconductor is presented, yielding Meir-Wingreen-type formulas when applied to specific circumstances. In such a formulation, the requirement of gauge invariance is satisfied automatically. Moreover, one can judge unambiguously what quantities can be measured in the transport experiment. Mesoscopic electron transport has received an increasing attention both theoretically and experimentally in last decade [1]. In mesoscopic or nanoscale systems the wave nature of electrons becomes apparent and the transport process is coherent. The Landauer-Büttiker formula [2], which encodes the current in the local properties of the interacting mesoscopic region and the equilibrium distribution functions of the noninteracting electron reservoirs, enhances our understanding of mesoscopic electron transport and has been applied successful in many fields [3]. In 1992 Meir and Wingreen [4] presented a formulation for electron transporting through a small confined region (quantum dot, QD) where the electron-electron interaction is important, and recovered the form of LandauerBüttiker formula in the noninteracting case.
Mesoscopic electron transport has received an increasing attention both theoretically and experimentally in last decade [1] . In mesoscopic or nanoscale systems the wave nature of electrons becomes apparent and the transport process is coherent. The Landauer-Büttiker formula [2] , which encodes the current in the local properties of the interacting mesoscopic region and the equilibrium distribution functions of the noninteracting electron reservoirs, enhances our understanding of mesoscopic electron transport and has been applied successful in many fields [3] . In 1992 Meir and Wingreen [4] presented a formulation for electron transporting through a small confined region (quantum dot, QD) where the electron-electron interaction is important, and recovered the form of LandauerBüttiker formula in the noninteracting case.
Recent advances in nanofabrication and material growth technologies make it possible to realize various kinds of hybrid mesoscopic structures [5] [6] [7] [8] [9] [10] [11] [12] , of which the building blocks are normal metals (N), ferromagnets (F) and superconductors (S). It is known that transport in the presence of a ferromagnet and a superconductor will be strongly related to the spin polarization of the ferromagnet and the Andreev reflection at the boundary of the superconductor [13, 14] . The co-existence of two ferromagnets or two superconductors is revealed to display spin-valve effect [15] or Josephson effect [16] . When an interacting normal metal is connected with bulk ferromagnet(s) and/or superconductor(s), it is expected that the interplay among the electron-electron interaction, spin im- , make some intuitive presumptions and hence lack mathematical rigidity, which will be discussed below in detail.
In this paper, we provide a scheme to treat the transport problem in an interacting hybrid mesoscopic structure in a unified way by using the Keldysh formalism [4, 21] . It is shown that gauge invariance can be satisfied automatically. It is also shown that what physical quantities can be measured in experiment.
We start with the Hamiltonian
where To see the tunneling processes more clearly, and even more importantly, to facilitate the analysis of the gauge invariance, and the simplification of the general current formula (9) to the form of specific systems, we first transform the Stoner and BCS Hamiltonian and the tunneling Hamiltonian by the following Bogoliubov transformations
1/2 and P (P † ) is the pair destruction (creation) operator guaranteeing the particle conservation, transforming a state of a given N particles into that with (N +2)/(N −2) particles, i.e., P † /P|N = |N +2 /|N −2 , thus make sense the abnormal off-diagonal Green's functions consists of two creation or destruction particle operators. One finds that the lead Hamiltonian is diagonalized after the above Bogoliubov transformations.
In order to treat the ferromagnet and superconductor on the same footing, we introduce a 4-dimensional Nambu- 
The tunneling Hamiltonian in such a representation takes the form
where
and the unitary rotation and phase operators (matrices) are given by
The chemical potential µ γ/C is incorporated into the phase matrix P and the ferromagnetism and superconductivity are reflected in the corresponding rotation matrices R f and R s . The tunneling Hamiltonian now represents the explicit physical processes in the semiconductor model [16] : an electron of spin σ in the central regime can tunnel into either the spin σ band or − σ band of the ferromagnetic lead, or tunnel into a spin σ state or condensate into an electron pair with a hole state of opposite spin being created; and vice versa. The total probability of the two tunneling processes into the same lead is cos 2 x + sin 2 x = 1. As shown below, these rotation and phase matrices are very useful in our analysis of gauge invariance, and even more importantly, the simplification of the formulas. 
where the self-energy matrices after converting the sum 
